Abstract: Changes in the seasonal rhythm of two plant phytocoenoses in a submountain beech forest during secondary succession were studied. Investigations were done on four monitoring plots with different stand density over the period of four successive years. The rhythm of the associations Dentario bulbiferae-Fagetum and Carici pilosae-Fagetum reflects the course of succession processes running six years after the human impact (cutting) in the ecosystem. Results of the phenological observations of the understorey species with the focus on the changes in flowering and colour spectrum allowed to make the comparisons between both associations in connection with different phyto-climatic conditions and in dependence on time.
Introduction
Phenological or seasonal rhythm of plants reflects the adaptation process to the ecological conditions in the environment. In areas where the seasonal course of climate is characterised by considerable fluctuations (temperate and boreal zone), the influence of climate "seasonality" on the rhythm of plants is evident (Battey 2000) . Certain seasonal variability can also be observed in many areas without conspicuous time-dependent climate changes -equatorial and tropical zone (Lieberman 1982; Sakai 2001) . It is well recognised that the seasonal rhythm of individual plant species as well as the seasonal rhythm of their associations are influenced by a number of endogenous and exogenous factors (Fig.1) . The first group comprises the biological properties attained in the course of the species historical development. The exogenous factors are primarily climate factors (Diekmann 1996; Tyler 2001) , soil conditions (Schwartz 1992; Sierra et al. 1996; Wielgolaski 1999) , structure of phytocoenose (Eliáš 1987; Kawarasaki & Hori 2001; Routhier & Lapointe 2002; Kikuzawa 2003) .
In deciduous forests of the temperate climatic zone, the altering between the vegetation rest and growing season is in correlation with the rhythm of external climatic factors. Natural submountain beech forests are characterised by their "nude" look. In most of them, the cover of the herbal layer is lower than 15%. Only when such a stand is opened, the rate of literfall decomposition increases, which results in improved conditions for the development of both herbs and woody plants. The following succession is reflected in structural changes of the plant associations -the species diversity increases, and the density of plants belonging to the individual taxons increases too. Every change in the conditions is also reflected in the vitality of individual species. Number of flowering and fructifying species is often increased, shifts within the individual phenophases were observed as well (Schieber 1996) . Spontaneous succession processes lead to restoration of ancient forest conditions after relatively long time (Bossuyt & Hermy 2000) . In spite of these facts, little is known about the changes in the seasonal rhythm of the communities during secondary succession in forest ecosystems.
The aim of the paper is to analyse the changes in the seasonal rhythm of two plant associations -Dentario bulbiferae-Fagetum and Carici pilosae-Fagetum during four successive years in a submountain beech forest with different density of its tree layer. 
Material and methods

Study site
Investigations were carried out at the Beech Ecological Experimental Site (BEES), which is located in the SE part of the Kremnické vrchy Mts (48 • 38 N, 19 • 04 E, 450-520 m a.s.l.) on a west-southwest oriented slope with an inclination of 5-15
• . This area belongs to the moderately warm region, moderately warm and humid, hilly land subregion (Lapin et al. 2002) . The mean annual air temperature and mean annual precipitation are 6.8
• C and 780 mm, respectively. The mean month air temperatures are −4
• C in January and 17
• C in July. About 55% of the annual precipitation total falls from April to September. The soil cover is formed from skeletal cambisols with moderate acid reaction. The skeleton content ranges from 10 to 60% ( Kukla et al. 1998) . A shelterwood cutting of varying intensity was performed in the year 1989 with the aim to obtain five separate partial plots (PP) with different degrees of stocking. The plots were separated by isolation strips. The dominant tree is Fagus sylvatica (85%) old about 100 years, associated species are: Abies alba (8%), Quercus dalechampii (6%), Carpinus betulus (1%) and Tilia cordata (0.5%). According to Barna (2004) , the stocking values in 1996 were: PP K -0.87 -original stocking; PP M -0.78; PP S -0.62; PP I -0.4; PP Hformer clear-cut plot, currently with intensively developing young generation of woody plants. Naturally regenerated woody plants growing on the plot PP H, besides those which grow on the other plots, are represented by Salix caprea, Populus tremula, Betula verrucosa, Acer pseudoplatanus, Prunus avium and Picea abies. The decrease of the density of natural regeneration among the plots is correlated with the density increase of the parent trees. The vegetation cover consists mainly of patches of associations Carici pilosae-Fagetum and Dentario bulbiferaeFagetum with permanent elements of Carex pilosa, Carex digitata, Carex sylvatica, Dentaria bulbifera, Galium odoratum, Athyrium filix-femina, Dryopteris filix-mas (Kontriš et al. 1993 ).
Fieldwork and analyses of the data
The monitoring of seasonal periodicity in plant associations was carried out on 8 mini-plots established within the four partial plots (PP-K, PP-S, PP-I and PP-H) -two miniplots on each partial plot. The mini-plots had dimensions of the standard phytocoenological relevé -400 m 2 . The first represents the association Carici pilosae-Fagetum, the second Dentario bulbiferae-Fagetum, or their succession phases, respectively. The observations on understorey herb species (except the ferns) were started in early spring 1995, depending on the day of the last snow melting, and they were pursued up to the first frosts (the end of October -the first days of November). In spring, the records were made in regular 2 or 3-day intervals, later once a week. Observations were repeated in 1998, after three successive years.
Analysis of the obtained phytocenological relevés resulted in a classification of all examined species in two basic groups. The first group consisted of the species with dominance higher than 1%, which determines the character of the seasonal rhythm. The "accessory species" of the second group with lower dominance than 1% were taken into account in the case of analysis of curves of flowering as well as colour spectra. Both vegetative (germinating, vegetative growth or leafing, discolouring of leaves, dieback) and generative stage (flower buds, flowering, fruiting, dissemination) of the species within the associations were recorded. The beginning of phenophases was considered as the day when the phenophases were present in at least 10 % of individuals of the studied species (Lieth 1974) . Flowering phase was analysed separately and visualized by the flowering curves constructed according to Bottlíková (1975) . The colour spectrum consists of five colours -blue, white, yellow, red and green appended with a category of colourless flowering graminoids. The species nomenclature follows that by Marhold & Hindák (1998) . Table 1 . Species composition of the associations Dentario bulbiferae-Fagetum (Db-F ) and Carici pliosae-Fagetum (Cp-F ) on the studied plots (plus sign means the presence of a taxon). 
Results
Composition of the associations and changes in life development of the species The composition of both associations Dentario bulbiferae-Fagetum and Carici pilosae-Fagetum is shown in Table 1 . Species diversity varied in relation to density of a tree layer. The lowest number of taxons was observed on control PP-K, while the highest diversity was observed on the plot S with a medium density (related to control PP-K) of a tree layer. Total number of taxons within both communities on the observation plots moved from 16 (PP-K) to 35 (PP-S).
Relative rate of taxons with dominance > 1% in the association Dentario bulbiferae-Fagetum was quite stable among the plots, only on PP-H the number was decreased. Temporal changes in life development of the species within this association are evident from Table 2 . The highest increase of the number of taxons remaining in vegetative stage was observed on both of the plots PP-H and PP-K and reached the 50% and 60%, respectively. On the other hand, distinct decrease of the number of taxons with dominance higher than 1%, which were passing through the generative cycle, was found out only in the case of the control PP-K. Similar pattern was observed within the association Carici pilosae-Fagetum -the highest increase of the number of taxons remaining in vegetative stage observed on both of the plots PP-H and PP-K and a distinct decrease of the number of taxons passing through the generative cycle on PP-K.
Changes in flowering
Temporal course of flowering within both associations is shown in Figure 2 . The curves of flowering of both associations differed essentially between 1995 and 1998 in the case of PP-H. Also certain differences were detected on the PP-K. One single peak in spring was observed in both compared years on PP-K, but curve is less distinct in 1998 than in 1995. In the case of the PP-S, the flowering curve of the association Dentario bulbiferaeFagetum had one primary peak in full-late spring and two secondary peaks in early and late summer. On the other hand, the curve of the association Carici pilosaeFagetum had one primary peak in full-late spring and one secondary peak in early summer. Similar course was also detected on PP-I within both associations. The differences in flowering course of both associations on PP-H were the most striking. While in 1995, the flowering curves had two peaks -in late spring and in full summer, three years later, they missed discernible trends and peaks.
Colour spectra of the associations Dominant colours in both associations were blue and white in the case of all studied plots (Table 3) . The poorest colour spectra were detected on PP-K. The proportion of blue and white colour from the colour spectra of both associations was 45-60% and 35-50%, respectively. These two colours are supplemented with yellow and red, together with a flowering graminoid Carex pilosa in the association Carici pilosae-Fagetum. On PP-S, relative rate of both blue and white colour ranged from 32 to 38% and from 28 to 45%, respectively, completed with yellow and flowering graminoids. Figures of 3% for red and green colour were also recorded in the association Dentario bulbiferae-Fagetum. Both blue and white colours with proportions of 38-58% and 21-28% respectively, were also detected in both associations on PP-I, with admixed yellow, green and flowering graminoids. In the case of the PP-H, in 1995, the dominant colour was blue (35%), together with white (17-22%) and yellow (5-24%) in both associations, red and flowering graminoids are fairly frequent. The colour spectrum of the association Dentario bulbiferaeFagetum in 1998 consisted of equal proportions of blue and white (30%), and somewhat lower proportions of red and flowering graminoids (each 20%). The prevailing colour in the second association was yellow (50%), mixed with blue (33%) and flowering graminoid (Carex digitata).
Discussion
The different ecological conditions induced at the BEES by means of the human impact (cutting) with varying intensity had been reflected on the structure of the studied plant associations. The lowest number of taxons was recorded on the control PP-K -without intervention. In both associations, together 16 taxons (included 
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Period March-August H-plot Fig. 2 . Curves of flowering of two phytocoenoses on the studied plots in 1995 and three years later (SDD -span of dominance degree, N -number of species). taxons with dominance lower than 1%) were identified. Rather poor species spectrum can be reasoned by the least favourable light conditions on this plot. The degree of shading by the parent beech stand on PP-K is about 95% (Fig.3) . While in 1995 the proportion of the species observed in the associations was only in the vegetative phase 16-22%, in 1998 it was already 65-72%. It is suggested, that the cause of this difference lies in the fact that, in spite of the shading by the parent stand, in 1995 a rather narrow stripe in the PP-K was exposed to side-light from isolating stripes separating the individual partial plots of the BEES. These conditions were probably similar to those which exist in forest gaps (Hull 2002; Ritter et al. 2005 ). In 1998, separating stripes had already been grown with natural regeneration, which resulted in a considerable decrease in the side-light intensity. Střelec (1992) reported that the light amount illuminating the herbal layer on this plot in the time of full development of leaves, represents only 1% of the light energy compared to the open plot. This fact also influences the development of generative phases on the studied plant species. The herbs seek more favourable light conditions before the full leaf development in the stand. Consequently, the flowering curve of the associations has a single peak in spring. Kubíček & Šimonovič (1975) studying the associations Primulae veris-Carpinetum and Carici pilosae-Carpinetum in Báb observed in the first association a single conspicuous peak in spring, in the second they also detected a secondary, less conspicuous peak in early summer. The association Carici pilosaeCarpinetum also had a considerably higher proportion of flowering species in comparison to the first association. Falińska (1975) reported that the structure of phytocoenoses affected the behaviour of the species. In the association Pino-Quercetum there was significantly lower ratio of the species in vegetative stage than in association Tilio-Carpinetum stachyetosum. As for the low presence of yellow and red colour in 1995 and their absence in 1998 on PP-K, it is probably connected with the fact that these colours occur more frequently in more heliophilous species. White flowers are often observed for woody species, especially for those with low light demands. This phenomenon probably reflects the relation plant-pollinator developed in woody ecosystems throughout the evolution (Abe & Kamo 2003) .
The richest species spectrum observed on PP-S reflects the relative favourable conditions in understorey layer with a sufficient number of free niches, while lower richness of species on PP-I can be explained by higher competition capacity of the species Carex pilosa, which is most intensively expanding namely over this plot. Also the competition capacity of the natural regeneration of woody plants on this plot is considerable, and the developing woody plants are partially shading the lower vegetation layers (see Davis et al. 1998 ). The flowering curves of associations on PP-S and PP-I have several peaks. The first peak occurs immediately after the beginning of leaf development in the stand, the second or also third occurs in the period of full leaf development in the summer. This can be explained by the fact that the parent stand shelter has not yet been full closed even under full leaf development, consequently light conditions in the stand are still favourable for development of the summer species.
The most remarkable changes were detected on PP-H. The total removal of tree layer opened the growing space for vigorously developing natural regeneration. According to Kodrík (1997) , the height of natural regeneration on plot H in 1994 was from 60 to 110 cm. In the following years this trend was even accelerated: in spring 1998 the natural regeneration height reached from 200 cm (Fagus sylvatica) to 400 cm (Salix caprea). Because the density of the natural regeneration is considerably high, the sunlight supply to the herb layer is getting more limited (Fig. 3) . This fact has also been reflected on cover and phenology of the species in the observed associations. In 1995 the number of the species with dominance higher than 1% in the association Dentario bulbiferae-Fagetum was 11, in 1998 there were only six (decrease by almost 45%). While in 1995 the number of flowering species in the association Dentario bulbiferae-Fagetum was 22 (including the species with dominance lower than 1%), in 1998 there were only 10 (45% of the amount in 1995). Similarly, in the association Carici pilosae-Fagetum, 17 flowering species were found in 1995, in 1998 only 6 (35% compared with 1995). From the species with higher light demands, in 1998 primarily flowering high herbs (Atropa bella-donna, Eupatorium cannabinum, Chamerion angustifolium) were able to catch at least minimum light intensity necessary for the flowering. The strategy of the heliophilous species Calamagrostis epigejos was interesting. In 1995 this species was dominant in the association Dentario bulbiferae-Fagetum, but in 1998, it was already almost pushed out from the stand -remaining only in the vegetation phase, by the stand edge. The better light conditions in this zone manifested itself in the fructification of some individuals of this species.
It is clear, that responses of the understorey herb layer reflect the different ecological conditions in the studied forest ecosystem. The method of forest management affects following changes in the ecosystems (Brunet 1998) . Destructive forms of management caused more expressive changes in comparison to less disturbed micro-sites with more favourable conditions for survival of sensitive species. Clear-cut areas are characterised by a considerable increase in biomass amount and species spectrum (Pykälä 2004) . But the subsequent succession processes cause gradual decrease in the species diversity, changes in biometric characteristics, as well as changes in phenological traits of the individual species in dependence on the intensity of disturbance of the original status. The results of this work, despite of a relatively short study period are consistent with this fact.
